
 

 

 

December 10, 2012 

 

 

Bill Haugen 

City of Lynnwood Parks, Recreation & Cultural Arts 

18900 44
th
 Avenue West 

Lynnwood, Washington 98046-5008 

 

2012 CHLORINE & CHLORAMINE TESTING - LYNNWOOD RECREATION CENTER 

18900 44
th
 Avenue West, Lynnwood, Washington 

 

Dear Mr. Haugen, 

 

On November 3 – 4, 2012, A.R.C.H. Consulting Group, LLC performed chlorine & chloramine 

(nitrogen trichloride) adjacent to the pool in the North Natatorium (AKA Rec or Family Pool), and 

indoor air quality testing (IAQ) in the North and South Natatoriums.   

 

PURPOSE:  The following objectives were completed.  

 

1. Employees’ personal exposures to chlorine and chloramine were measured throughout an 

entire work shift on November 3, 2012.  

 

2. The chlorine and chloramine air concentrations were measured in the North Natatorium 

(family pool) from 1 to 8:45 pm in three hour segments.   

 

3. Fifteen minute chlorine air samples were collected in the North & South Natatoriums.  

 

4. The “comfort indicators” (carbon dioxide [CO2], temperature & percent relative humidity) 

and carbon monoxide (CO) were constantly measured in the North & South Natatorium 

from approximately 9:30 am on November 3, 2012 to 3 pm on November 4, 2012.  

 

5. The water chemistry data (collected by Rec Center staff) was correlated with the air sample 

results (collected by A.R.C.H. Consulting).  

 

APPENDICES:   

Appendix 1:  Chlorine & Chloramine (Nitrogen Trichloride) Laboratory Results 

Appendix 2:  North Pool (Family Pool) Indoor Air Quality Results 

Appendix 3:  South Pool (Lap Pool) Indoor Air Quality Results 

Appendix 4:  Water Chemistry Data 

Appendix 5:  2011 Test Results  
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SAMPLING METHODS:   

 

Chlorine & Chloramine Area Air Samples:  Three sets of three hour area air samples were 

collected on November 3, 2012.  Chlorine was collected using silver membrane closed face air 

sampling filters at a flow rate of 1.0 liter of air per minute (lpm); chloramine was collected 

using treated quartz and 2 micron PTFE filters at a flow rate of 1.0 lpm.  Air samples were 

collected adjacent to the center of the bleachers where the observers usually sit.  This is the 

same location where the samples were collected in the 2011 testing.  Samples were collected 

approximately 5 feet off the floor.  All air samples were analyzed by Galson Laboratories in 

East Syracuse, NY.   

 

Chlorine Grab Samples:  Fifteen minute air samples were collected at various times throughout 

the day to measure the chlorine Ceiling Limit.  The Draeger CMS Chip Measurement System, 

an electronic colorimetric grab sampling system, was used to collect the air samples.  Error for 

the measurements was plus or minus 35%.   

 

Personal Exposure Samples:  Two employees each wore a sampling pump for 8-hours on 

November 3, 2012 while they performed their normal duties in both the North & South 

Natatorium.  Kari Sjolin wore a sampling pump to measure her chloramine exposure.  Ms. 

Sjolin wore the pump from 12:50 pm to 8:57 pm.  Stephen Norman wore a sampling pump to 

measure his chlorine exposure.  Mr. Norman wore the pump from 12:54 pm to 8:50 pm.   

 

Indoor Air Quality Testing:  Indoor Air Quality sampling was performed using TSI Indoor Air 

Quality Meters.  In the North Pool a TSI Model 7565 meter was used; in the South Pool a TSI 

Model 8554 meter was used.  Both probes were calibrated according to Manufacturer’s 

recommendations. 

 

OCCUPATIONAL EXPOSURE LIMITS: 

 

1. In the State of Washington there are two separate Permissible Exposure Limits (PELs) for 

workers’ exposure to chlorine vapors: 
 

a. The 8-hour Time-Weighted Average (TWA) Limit that states, during the workday 

the average exposure to workers must be less than 0.5 ppm (parts of chlorine per 

million parts of air) during an 8-hour work shift, and 

 

b. The Ceiling Limit that states workers cannot be exposed to more than 1.0 ppm 

chlorine at any time during the work day. 

 

2. There is no PEL for chloramines. 
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FINDINGS: 

 

Chlorine & Chloramine in the North (Family) Pool: 

 

1. Personal (Employee) Exposures:  The measured workers’ exposures were as follows: 

a. Chlorine = 0.068 ppm as an 8-hour time-weighted average exposure. 

b. Chloramine = 0.15 ppm as an 8-hour time-weighted average exposure. 

 

2. Area Air Samples Family Pool:  The 8-hour time-weighted average air concentration 

for chlorine & chloramine in the vicinity of the bleachers in the North Family Pool (see 

Photo 1) on Saturday November 3, 2012 from approximately 1 pm to 8:45 pm was as 

follows: 

a. Chlorine = 0.16 ppm as an 8-hour average air concentration. 

b. Chloramine = 0.28 ppm as an 8-hour average air concentration.   

 

3. Ceiling Level:  The 15-minute Chlorine Ceiling Limit air samples are summarized in 

Table 1 below.  No Ceiling Limit samples were collected in 2011.  

 

        Table 1:  Chlorine 15-Minute Air Sample Results 

Time Sample was Collected Sample Location 
Results in ppm 

(Ceiling Exposures) 

2:45 to 3:00 pm on 11/3/12 Family Pool 0.27 ppm +/- 0.09 ppm 

5:30 to 5:45 pm        “ Family Pool 0.44 ppm +/- 0.15 ppm 

6:00 to 6:15 pm        “ Family Pool 0.50 ppm +/- 0.17 ppm 

8:30 to 8:45 pm        “ Family Pool 0.73 ppm +/- 0.25 ppm 

   

3:00 to 3:15 pm on 11/4/12 Family Pool 0.24 ppm +/- 0.08 ppm 

   

5:45 to 6:00 pm on 11/3/12 Lap Pool <0.20 ppm 

8:30 to 8:45 pm         “ Lap Pool <0.20 ppm 

<0.2 ppm indicates no chlorine was detected 
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FINDINGS (continued): 

 

4. Comparison between August 2011 and November 2012 air sampling for chlorine and 

chloramine. 

 

 

 Average air concentration in 2012:   Chlorine = 0.16 ppm 

 Chloramine = 0.28 ppm 

 

 

 Average air concentration in 2011:   Chlorine = 0.21 ppm 

 Chloramine = 0.34 ppm 

 

 

The North Family Pool was full during all of the open swim times.  There were approximately 

300 people in the North Family Pool natatorium during the three open swims (Photo 1).   
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FINDINGS (continued): 

 

Correlating Water Data to Air Sampling Data 

 

5. The chloramine air sample data correlated the best with the combined chlorine water 

sample.   

 

 

 The ratio between Chloramines in air versus Combined Chlorine in Water is 

approximately 0.86.  Multiply the Combined Chlorine water sample by 0.86 to obtain 

the approximately airborne chloramine level.  

 

0.36 ppm Combined Chorine X 0.86 = 0.31 ppm Chloramine in air  

 

 

The 0.86 ration between air samples to water samples is only valid under the current ventilation 

conditions.  If additional ventilation is added (more outside air) or if fans are installed to ventilate 

certain areas this ratio would no longer be valid.   
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FINDINGS (continued): 

 

Using the Combined Chlorine to Chloramine Ratio 

 

6. Using the ratio of the Chloramine in air to the Combined Chlorine in water of 0.86 

(from the page above), the estimated chloramine air concentration in the other areas of 

the Rec Center is shown below.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chloramines are the main cause of skin, eye & respiratory irritation of people using pools.  

Airborne concentrations of chloramine begin to cause irritation of the skin, eyes, and respiratory 

system at concentrations of 0.3 to 0.5 ppm. 

 

Chlorine can be smelled at 0.2 ppm but chlorine only causes slight irritation at 3 to 5 ppm. 
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FINDINGS (continued): 

 

Indoor Air Quality Test Results – North Family Pool 

 

7. Comparison between 2012 (top chart) and 2011 in the North Family Pool 

 
 

  



 

8 

 

 

FINDINGS (continued): 

 

Indoor Air Quality Test Results – South La Pool 

 

8. Comparison between 2012 (top chart) and 2011 in the South Lap Pool 
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CONCLUSIONS: 

 

Personal (Employee) Exposures: (Page 3 & Appendix 1) 

 

1. Chlorine – The 8-hour time-weighted average personal exposure for chlorine was well 

below the Permissible Exposure Limit (PEL).  The measured exposure was 0.068 ppm 

chlorine; the PEL is 0.5 ppm. 

 

2. Chloramine – There is no PEL for chloramine, but the 8-hour time-weighted average 

personal exposure for chloramine was 0.15 ppm.  This level is below the level that 

causes irritation in some people.  

 

Chlorine & Chloramine Air Concentrations in Family Pool:  (Page 4 & Appendix 1).   

 

3. Chlorine:  The average air concentration in 

the Family Pool ranged from 0.15 ppm to 

0.16 ppm.  The white arrow in the photo to 

the right shows the location of all the area 

air sampling.   

 

4. Chloramine:  The average air concentration 

of chloramine in the Family Pool ranged 

from 0.24 to 0.31 ppm.  After 6 pm the level 

rose above 0.3 ppm, the level that may 

cause irritation in some people.  

 

Ceiling Limits – Chlorine:  (Page 3) 

 

5. The 15-minute air concentration of chlorine in the Family Pool rose above 0.7 ppm 

after 8:30 pm.  The Ceiling Limit for chlorine is 1.0 ppm, that is, chlorine levels cannot 

rise above 1 ppm at any time.  The collection method has an error of plus or minus 

35%.  All Ceiling Limit measurements were below the Ceiling Limit of 1.0 ppm. 

 

Comparison of Chlorine & Chloramine Levels between 2011 & 2012 Surveys:  (Page 4) 

 

6. Chlorine:  The airborne chlorine level in the Family Pool decreased approximately 

30% from the 2011 measurements.   

 

7. Chloramine:  The airborne chloramine levels in the Family Pool decreased 

approximately 42% from the 2011 measurements, although in 2012 after 6 pm the 

chloramine level rose above 0.3 ppm.  

Photo 1:  North Family Pool 

White Arrow Indicates Air Sampling Location 
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CONCLUSIONS (continued): 

 

Ration of Combined Chlorine water samples to the Chloramine Air Samples:  (Pages 5 & 6) 

 

8. The ratio of the chloramine air sample results to the combined chlorine water sample 

results was constant at 0.86, although only two samples were used.  Using this ratio the 

chloramine air concentration at other areas in the natatoriums could be estimated.  

(Please note if the ventilation is changed in any way, such as adding more outside air 

or installing fans, this ratio would not be valid).  

 

9. The table on page 6 shows the Lap Pool and Wellness Pools remain below 0.3 ppm 

chloramine throughout the day.   

 

10. The Adult and Family Hot Tubs exceed 0.3 ppm during most of the day.  Chloramines 

above 0.3 ppm can cause some people irritation.   

 

11. The Family Pool did not exceed 0.3 ppm chloramines until the final open swim 

between 6 and 9 pm.   

 

Indoor Air Quality Conclusions:  (Pages 7 & 8)  

 

12. The carbon dioxide (CO2) level, which is an indirect indicator of the amount of outside 

air brought into the building, was significantly lower in 2012 compared to 2011.  The 

CO2 levels in 2012 did not exceed 900 ppm; in 2011 the CO2 levels reached 1200 ppm.   

 

CO2 levels above 1000 ppm make the area uncomfortably “stuffy”.  

 

13. The Lap Pool’s CO2 concentration remained below 700 ppm, even lower than in 2011 

 

14. The only anomaly seen regarding the temperature and humidity was after 8 pm in the 

Family Pool.  After 8 pm the temperature rose slightly as did the chloramine and 

chlorine levels.  This may be an indication that after 8 pm the amount of outside air 

was reduce.  
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RECOMMENDATIONS 

 

The only recommendation is to attempt to control the chloramine levels to remain below 0.3 ppm.  

This will decrease the amount of irritation experience by some people.   

 

Additional ventilation or fans should be positioned near the hot tubs, especially the Family Hot 

Tub, to dilute the chloramine vapors below 0.3 ppm.   

 

 

Thank you very much for allowing A.R.C.H. Consulting Group the opportunity to perform this 

work. Please call if you need clarification or more details.  

 

A.R.C.H. Consulting Group is owned and operated by Certified Industrial Hygienists who can 

assist in any health and safety concern you have. We specialize in evaluating your workers 

exposures to air contaminants, measuring personal noise exposures and performing sound level 

surveys, indoor air quality assessments and investigations, mold assessments and mold abatement 

protocols, radiation surveys, and safety & hazard evaluations. 

 

Please call me in the office at (206) 301-8989, on my cell phone at (206) 618-3088, or email at 

frank@archconsultants.com if you have any questions or concerns. 

 

 

Sincerely,  

 
Frank Riordan 

Certified Industrial Hygienist 

  

mailto:frank@archconsultants.com
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APPENDIX 1 

 

 

2012 RESULTS 

 

 

CHLORINE & CHLORAMINE (NITROGREN TRICHLORIDE) AIR SAMPLE RESULTS 
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APPENDIX 2 

 

 

2012 RESULTS 

 

 

NORTH POOL (REC POOL) INDOOR AIR QUALITY RESULTS 
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APPENDIX 2 

 

 

2012 RESULTS 

 

 

SOUTH POOL (LAP POOL) INDOOR AIR QUALITY RESULTS 
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APPENDIX 4 

 

 

WATER CHEMISTRY DATA 

 

 

DATA WAS COLLECTED BY REC CENTER STAFF 
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LSI DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEMPERATURE TREND 

 

EXACT pH Temp Fac Cal Fac Alk Fac TDS Fac LSI

Lap 7.4 0.71 1.9 2.1 12.2 -0.09

Wellness 7.4 0.75 1.82 1.7 12.2 -0.53

Adult 7.4 0.88 2.04 1.54 12.2 -0.34

Rec 7.4 0.71 2.15 1.7 12.2 -0.24

Family 7.6 0.83 1.97 1.6 12.2 -0.2

TAYLOR pH Temp Fac Cal Fac Alk Fac TDS Fac LSI

Lap 7.4 0.71 2.17 2.12 12.2 0.2

Wellness 7.4 0.75 2.17 1.92 12.2 0.04

Adult 7.4 0.88 2.02 1.6 12.2 -0.3

Rec 7.4 0.71 2.2 1.92 12.2 0.03

Family 7.6 0.83 2.04 1.7 12.2 -0.03

Average LSI

Lap 0.055

Wellness -0.245

Adult -0.32

Rec -0.105

Family -0.115

Temp RH Temp RH Temp RH Temp RH

8am 82.4 48.1 81.3 51.3 52.7 92.3

9am 87.8 38.6 80.8 53.7 53.4 91.2

10am 83.9 55.7 81.6 51.5 54.6 85.3 54 98

11am 85.7 52.7 81.1 53.2 55 85.5 54.7 96

12pm 75.4 58.5 80.8 53.3 55.4 84.7 55.2 95

1pm 85 59.7 81.6 81.6 56.1 87.7 55.4 96

2pm 86.3 57.8 82.8 82.8 58.8 80.2 55.8 96

3pm 85.9 57.7 82.2 52.5 59.5 80 57.2 94

4pm 84.9 59.9 81.9 54.4 60 78.3 57.7 93

5pm 86.3 58.8 83 51.4 60 77.4 57.7 93

6pm 85 58.6 81.7 53.6 59.1 73.1 57.1 94

7pm 85.5 58 81.3 54 59.7 78.3 56.8 95

8pm 87.2 60.5 82.6 52.8 59.9 74.6 55.8 95

Time

PDH2 PDH1 Outside Weather Underground
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CHEM CHECKS 

 

These are the values used in the charts below to compare with air samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DATE 11/3/2012 Saturday
TDS Reading

Temp Reading

1 1060

85

2

3

1 1560

89.2

2

3

1 2270

103

2

3

1 1690

86.5

2

3

1 1850

98.2

2

3

Temp

Flow    

Rate

L
a
p
 P

o
o
l 6:15am 2.01 0.08 7.4 7.5 816 85

Time

Free     

CL2

Comb  

CL2

pH 

Tested

pH 

Reading HRR

1074

9:00pm 2.14 0.13 7.5 7.5 815 85

1:25pm 2.16 0.08 7.5 7.5 815 85 1103

1086

W
e
lln

e
s
s
 P

o
o
l

6:15am 1.86 0.08 7.4 7.4 794 90 509

1:25pm 1.58 0.16 7.4 7.4 782 89 512

9:00pm 1.88 0.27 7.6 7.5 791 91 509

A
d
u
lt 

H
o
t 
T

u
b

6:15am 4.54 0.20 7.4 7.3 770 101 153

9:00pm 4.56 0.38 7.6 7.4 769 101 153

1:25pm 3.29 0.37 7.4 7.3 769 101 153

R
e
c
 P

o
o
l 6:15am 3.87 0.27 7.4 7.4 628 84 1495

1:25pm 3.6 0.29 7.6 7.5 636 83 1486

9:00pm 3.24 0.36 7.6 7.4 629 85 1477

F
a
m

ily
 H

o
t 
T

u
b

6:15am 3.46 0.43 7.6 7.5 779 97 189

1:25pm 3.04 0.65 7.6 7.5 784 96 182

9:00pm 2.13 0.74 7.4 7.2 762 98 186
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APPENDIX 5 

 

 

2011 RESULTS 

 

 

NORTH (REC) & SOUTH (LAP) POOL  

 

 

INDOOR AIR QUALITY, CHLORINE & CHLORAMINE RESULTS 
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Morning
(6:00 to

8:15 AM)

Mid-Day
Open
Swim

(2:30 to 5
pm)

Evening
Open

Swim  (6
to 8:30

pm)

Chlorine (ppm) 0.059 0.24 0.19

Chloramine (Nitrogen
Trichloride) (ppm)

0.098 0.38 0.3

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4

Parts Per 
Million (ppm) 

North Rec Pool - August 12, 2011 
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Morning
(6:00 to

8:15 AM)

Mid-Day
Open

Swim (2:30
to 5 pm)

Evening
Open

Swim (6 to
8:30 pm)

Chlorine (ppm) 0.05 0.06 0.1

Chloramine (Nitrogen
Trichloride) (ppm)

0.077 0.1 0.17

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4

Parts per 
Million (ppm) 

South Lap Pool - August 12, 2011 


